This paper examines whether domestic inflation spikes in Egypt during [2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011] were primarily the result of external food price shocks. To estimate the pass-through of international food price inflation to domestic price inflation, two different methodologies are used: a twostep regression model estimates the pass-through in the long run, and a vector autoregression model provides the short-run estimates. The empirical evidence confirms that pass-through is high in the short term, but not in the long run. More precisely, the results show that (i) long-run pass-through to domestic food inflation is This paper is a product of the Poverty Reduction and Economic Management Unit, Middle East and North Africa Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank. org. The author may be contacted at selshawarby@worldbank.org. relatively low, lying between 13 and 16 percent, while the long-term spill-over from domestic food inflation to core inflation is moderate, lying around 60 percent; (ii) in the short term, pass-through is relatively high, estimated around 29 percent after 6 months and around two-thirds after a year, but the spill-over effect to core inflation is limited; (iii) international food price shocks explain only a small portion of domestic inflation shocks in both the short and long terms; and (iv) international price inflation has asymmetric effects on domestic prices.
Introduction
High inflation has been one of the key macroeconomic challenges facing Egypt over the past few years.
Indeed, following a decade of low one-digit level, CPI inflation gathered momentum in the end of 2003 and once again in 2007 before accelerating in 2008 to peak close to 24% in August. Headline inflation is driven by inflation in food prices which have the largest weight (around 40%) in the average household consumption basket. In fact, food price inflation has been much higher than CPI inflation, remaining in the double-digit level since January 2008.
As these domestic increases have been often accompanied by spikes in international food prices, it has been claimed that the latter has been their main driving factor, especially that the food consumption basket has a large imported component, e.g. Egypt is the largest importer of wheat in the world (FAO, 2011) . Naturally, more frequent rounds of international food price increases could increase Egypt"s vulnerability to high domestic inflation.
The objective of this paper is to examine whether domestic inflation spikes in Egypt during the period 2001-2011 were primarily the result of external food price shocks. In addition, other fundamental questions addressed here are: (i) Have surging domestic food prices spilled over into core inflation or are other factors at play? (ii) Is the response of Egypt"s domestic inflation symmetric for positive and negative international price shocks?
While a vast literature has examined the determinants of inflation in Egypt (Kheir-El-Din, 2009 and Kiguel and Okseniuk, 2009) , only a few studies have focused on the role of international prices, mostly in panel and multi-country studies (World Bank, 2011; Albers and Peeters, 2011; and Crowley, 2010) . Other work has focused on estimating the long-run relationship (El-Sakka and Ghali, 2005) . Only one study has provided evidence on the spill-over effect of domestic food shocks to other prices in Egypt (FAO, 2009 ). This paper contributes to the literature on international food price pass-through effects using two complementary methodologies. The first is a 2-step regression (IMF, 2008a and ) that produces longrun estimates of pass-through effects of international price inflation to domestic price inflation and was never applied to the Egyptian case; and the second is a traditional VAR approach that allows estimating the short-run effects and examining the relative importance of different sources of inflation.
Our empirical evidence confirms the widely held view that inflation is due in the short-term to external shocks whereas the effect of the shock seems to dissipate in the long-run. The empirical results can be summarized as follows: (i) in the long-run, pass-through to domestic food inflation is low and lies between 13% and 16% and the spill-over from domestic food inflation to core inflation is moderate; (ii) in the short-term, pass-through is high and is estimated around 29% after 6 months and around two-thirds after a year, but the spill-over effect to core inflation is feeble; (iii) international food shocks explain only a small portion of domestic inflation shocks; and finally (iv) international price inflation has asymmetric effects on domestic prices.
Apart from the introduction, the paper is structured as follows. Section 2 provides a brief descriptive analysis of both domestic and international inflation measures during the last decade. Section 3 presents a brief literature review. Section 4 lays out the empirical methodologies and presents the data. Section 5 reports and discusses the key empirical findings. The final section concludes and discusses policy implications. (Figure 1 ). This was more than double the inflation rate in the MENA region in 2008 (11%) and significantly higher than many other peer countries with more-than-30% weight of food in the CPI (Figure 1 ). Inflation has subdued since then, but it remains in the low-double-digit levels (between 11 and 12%).
Inflation and Monetary
Meanwhile, food price inflation -around 40% of consumption expenditure and the largest component in the CPI basket -has been the main driver of headline inflation. It has accelerated from low single digit levels of around 4% in the early 2000s to around 14% on average between FY04 and FY11. In particular, it rose from 6.9% in December 2007 to a 31% peak in August 2008 (Figure 2 ). Between January 2008 and July 2011, the accumulated inflation of food prices (84%) was significantly higher than that of the overall CPI (51%). It is worth also to mention that administered prices represent around 19.4% of the CPI basket, and subsidized food prices represent around 6% of food consumption.
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Moreover, in all recent spikes of CPI inflation since 2004, price increases in agicultural commodities seem to have played a role in feeding these spikes (Kiguel and Okseniuk, 2009) . Also, hikes in domestic food price inflation have been generally preceded by increases in international food inflation (Figure 3 ). However, two aspects are worthwhile to note: inflation of domestic food prices has been higher but less volatile than that of international food prices (Table 1) , and domestic food prices decouple from international food prices when the latter decrease (Figure 3 ). Domestic food prices did not see any deflation since January 2008 and July 2011 cumulatively increased by around 84%, as mentioned earlier, whereas international food price inflation grew by only 18%. 6 particularly worrying, because it means that food price shocks influence headline inflation indirectly through agents" inflation expectations, feeding thus into the actual price of other non-food products.
It is very possible that high inflation in recent years is the consequence of many other factors. In fact, demand pressures may have resulted from strong domestic demand (economic growth was between 6-7 percent over FY06-FY08), stimulated by large cuts in income tax rates (in July 2005) and other reforms.
Large capital inflows (around 8.5 percent of GDP in FY07) -stimulated by ample regional liquidity and negative real interest rates -have further resulted in a significant rise in M2 growth, which has fuelled high inflation ( Figure 5 ). Moreover, Noureldin (2008) presents empirical evidence that relative price adjustments (driven by the 2003 devaluation of the pound, the increases in the prices of energy-related products and the outbreak of the avian flu virus) were important factors in the dynamics of inflation. In particular, the role of the exchange rate in producing lagged inflationary pressures has been examined in some work (Rabanal, 2005) . Also, Kraay (2007) found that the exchange rate pass-through to food items between 2000 and 2005 was higher than that to other items. Finally, other structural factors like the persistent budget deficit (Helmy, 2008) and downward price rigidity (Hassan, 2008) have also contributed to sustaining the pressures.
Monetary policy in Egypt
After the official abandon of the exchange rate anchor in early 2003, recent reforms were introduced to enhance the monetary policy framework in Egypt. In particular, price stability was formally declared (through the 2003 Banking Law and other CBE statements) to be the overriding medium-term objective of monetary policy (CBE, 2005) . The CBE also announced in 2005 its intention to move to inflation
targeting. Yet, these improvements did not allow monetary policy to achieve price stability, especially that the framework still lacks an official nominal anchor since the abandonment of the exchange rate peg (Selim, 2011) . 3 Like many other central banks, the CBE relies on short-term interest rates as an instrument to influence liquidity and inflation. However, monetary policy remained initially inactive in 3 For more information on the monetary policy framework in Egypt, see Selim (2011) . demand, but because consumer prices are set contractually by producers and retailers, they respond with a lag to these pressures. Empirical work was carried out to verify this relationship in the context of the 1970s" oil price shocks (Blomberg and Harris 1995 and Furlong and Ingenito 1996) . Moreover, imperfect competition and/or price stickiness (Rotemberg and Woodford 1999) lead firms to only partially pass-on commodity price increases (originating from supply shocks) to consumer prices, thus making passthrough incomplete (Kalecki 1971 ).
The empirical work aiming to quantify the response of domestic prices to global price shocks is voluminous and received renewed attention in the aftermath of the 2007-2008 commodity price shock (IMF, 2011; Ferrucci et al., 2010 , Zoli, 2009 , IMF, 2008a , b and c, Jongwanich and Park, 2008 , and Liu and Tsang, 2008 . More generally, the literature review shows four main findings: First, international to domestic food pass-through is incomplete and has changed over time. Incomplete pass-through is most likely due to the presence of significant local production components (including retail and distribution components), subsidies and domestic consumption patterns that are different from the composition of world commodity price indices (IMF, 2011) . Moreover, Blomberg and Harris (1995) and Furlong and Ingenito (1996) show that a declining food commodity pass-through in the United States since the mid-1980s was due to a weakened demand for commodities, as the latter gradually shifted toward sectors with low commodity content (such as IT and services). Evidence of a declining passthrough in advanced economies was also provided by IMF (2008a) between the period 1975 . Hahn (2003 had shown that pass-through remained stable over time in the euro area. No study has investigated this for Emerging Markets Economies (EMEs).
Second, pass-through in EMEs is higher than in advanced economies (IMF, 2011 , 2008a and b and Ferrucci et al., 2010 , Galesi and Lombardi, 2009 . IMF (2011) and 40% (except for Tunisia and Algeria where they is very low). The report also finds that the passthrough is relatively fast, taking about one year to reach full impact, and in some cases much less (3-6 months). Albers and Peeters (2011) find similar evidence for a number of Southern Mediterranean economies. On the other, Loungani and Swagel (2001) showed that both fuel and nonfuel commodity prices to have a significant but modest impact on inflation in developing countries.
Third, there is evidence of a moderate spill-over effect from domestic food prices to core prices, suggesting weak second-round effects of higher commodity prices (IMF, 2011; Galesi and Lombardi, 2009 , Cecchetti and Moessner, 2008 , IMF, 2008a . Moreover, such pass-through is also higher for EMEs than in advanced economies (IMF, 2008a and . IMF (2008a) shows that one-half of the shock to domestic food prices eventually makes its way through to core inflation in EMEs, whereas in advanced economies, less than one-quarter passes through. This is due to several factors specific to EMEs, including a higher share of food consumption, and a poor track record in controlling inflation which means that international price shocks contribute to raising inflation expectations, which are in turn reflected into domestic prices.
Fourth, the price pass-through of external shocks is asymmetric. In an extensive study of 282 products and product categories, including 120 agricultural and food items, Peltzmann (2000) shows that asymmetric price transmission is the rule rather than the exception and is prevalent in the majority of producer and consumer markets. Zoli (2009) finds that increases in food price inflation generates increase in headline inflation in emerging Europe, while falls in food price inflation do not lead necessarily to falls in headline inflation. Similar evidence for a number of MENA countries can be found in Albers and Peeters (2011) and World Bank (2011) .
Results of empirical work on Egypt provide mixed results. Older studies, find no evidence that import prices affect inflation in the long-run (Bahmani-Oskooee and Malixi, 1992; and Deme and Fayissa, 1995) .
More recent work provides evidence of a long-run pass-through effect, regardless of the adopted methodology. Using cointegration techniques, El-Sakka and Ghali (2005) find that a 10 percent increase in international prices push-up domestic inflation by 1.9 percent, though changes in domestic consumer prices do not seem to be highly sensitive to changes in import prices. They attribute this to the heavy subsidy scheme. Using panel data for a sample of MENA and Central Asian counties including Egypt, Crowley (2010) finds that doubling prices of nonfuel commodity would induce increases of 4-6 points in inflation. Investigating short-run dynamics using VAR analysis, multi-country studies like those of Albers and Peeters (2011) and World Bank (2011) find that Egypt is among the high pass-through countries. In particular, World Bank (2011) estimates pass-through to domestic food prices by more than 44%.
Moreover, the shock reaches its full strength after a year. Finally, FAO (2009) provides evidence of a spill-over from domestic food prices to both CPI and core prices, estimated respectively at 59 and 16 percent.
The Models" Set-up and Data Properties
Pass-through empirical work is mainly carried out with two different methodologies: bivariate models and VAR models. This section presents these two models then addresses data issues.
Empirical models

The 2-step OLS regression model
According to this methodology adopted by IMF (2008a and , the pass through from international to domestic food price inflation is first estimated using a bivariate regression of the following form:
Where stands for the annualized month-over-month log difference in food prices. The long-term passthrough effect from international to domestic price inflation is then calculated as follows:
Secondly, the pass-through from domestic food price inflation to core inflation (and non-food price inflation) is estimated using the following generalized Phillips curve equation:
Where stands for the annualized month-over-month log difference in core prices, y and y* denote the annualized month-over-month log difference in real and potential GDP (growth gap), respectively, while denotes the predicted values of domestic food inflation obtained from the first-step bivariate regression.
The predicted values are used to ensure that domestic food prices in step 2 reflect only the variation that is due to changes in international prices and lagged effects of domestic food price changes, rather than 
The VAR baseline model
Most papers use VAR models (World Bank, 2011; Galesi and Lombardi, 2009 , Zoli, 2009 , IMF, 2008b and c, Jongwanich and Park, 2008, and Hahn, 2003) . VAR models are able to capture the interaction of domestic prices with different domestic factors and external shocks (commodity prices, exchange rate, etc...). In particular, they can capture both the direct effects of higher costs of commodity prices and the indirect effects coming from the fact that these commodities are inputs in the production of other goods.
Moreover, VAR models have three main advantages over bivariate models. First, they solve the endogeneity problem inherent in the single-equation based methods. Second, they take into account the influence of other macroeconomic variables (supply and demand shocks). Third, in addition to estimating pass-through effect, they assess its dynamics over time.
Two different VAR models are estimated at monthly frequency for Egypt. 4 The first includes the following variables: world food price inflation, output gap, as a measure of economic activity, headline inflation, the change in M2d, and changes in the real exchange rate. This model will estimate the passthrough from world food price inflation to headline inflation. In the second model, headline inflation is replaced by domestic food inflation, and core inflation, providing thus further insights on the transmission of international commodity price shocks to domestic food inflation, as well as the spill-over of the latter to core inflation.
The shocks are identified using the Cholesky decomposition of the variance-covariance matrix of the reduced form residuals. The use of a recursive identification scheme implies that the identified shocks contemporaneously affect their corresponding variables and those variables that are ordered at a later stage, but have no impact on those that are ordered before. Hence, the most exogenous variable, international food prices, comes first. Food price shocks may thus affect all other variables in the system contemporaneously but they are not themselves affected contemporaneously by any of the other shocks.
Estimates of the pass-through coefficients are derived from cumulative impulse response function to assess the impact over time of temporary external and domestic shocks on relevant price measures.
Variance decomposition analysis is used to determine the relative importance of these shocks for fluctuations in the different price measures.
Data
The models are estimated for the period 2000M7 and 2011M7. All variables are included as the annualized log differences, except for the output gap in the VAR and the growth gap in the 2-step regression. While all variables, except for the exchange rate, were seasonally adjusted before getting their log differences in the VAR, dummy variables are used in the 2-step regression to find out the seasonal effects of various months. Annex 1 provides details on data description and sources. 4 Energy prices in Egypt are fixed and therefore are left out of the empirical analysis
In order to assess the stationarity of the variables, unit root tests were performed using the Augmented Dicky-Fuller (ADF). The tests, summarized in Annex 2, show that all the variables are stationary (i.e. I(0)).
Results
In this section, the empirical results are presented and discussed. The long-term pass-through coefficients are estimated from the 2-step regression model, and the short-run dynamics are obtained from the VAR models. In general, the results show that pass-through is incomplete both in the long and short runs, which is in line with theory. However, the results on the size of the pass-through diverge between the long and short-term. In fact, the short-term impact of external food shocks is higher than in the long-run, suggesting that the effect of the shock tend to dissipate over time.
Long-term pass-through coefficients
The 2-step regression model shows that pass-through to domestic food inflation is low and lies between 13% and 16% (depending on the international price measure used) and the spill-over from domestic food inflation to core inflation is moderate, estimated at around 0.6%.
The first-step equation was estimated following the methodology shown in the previous section. Three measures of international food prices were used (IMF food index, FAO food index and FAO cereals subindex). Only statistically significant coefficients of the different lags, regardless of their signs, were used to compute the full long-term pass-through from international price inflation to domestic food inflation 5 .
The results using the IMF food price index are not reported because it yielded negative pass through estimates. In general, the results from this step, reported in table 2, show that the pass through to domestic food inflation is low. A 1% increase in the international price inflation leads to a 0.16% increase in the domestic food price inflation when the FAO food index is used as a measure of international food prices, and to a 0.13% when the FAO cereals sub-index is instead used. Also, the first-step equation shows that international food price inflation explains around one quarter of the changes in domestic food price inflation, meaning that changes of domestic food prices are attributed to factors other than the international food price inflation.
14 The estimation of the second-step equation showed that the long-term the spill-over from domestic food prices to other domestic prices is sensitive to the variables used both in step 1, the international price index being (either the FAO food index or the FAO cereals sub-index), and step 2, the domestic price index (core versus non-food inflation) and the economic activity proxy variable (output gap versus output growth gap). In fact, the eight equations that were estimated showed that the long-term spill-over effects ranged between 0.15 (from domestic food prices impacted by FAO cereals price changes to core inflation) and 1 (complete spill-over of the shock to domestic food price inflation to non-food price inflation when the FAO food index is used) (table 3) .
To solve the inconclusiveness of the results of the spill-over estimates, the authors resorted to an out-ofsample forecasting method to compare the forecasting power of various models. As shown in table 3, ceteris paribus, having a lower RMSE, the growth gap variable produces more accurate forecasts than the output gap; and the FAO Cereals sub-index produces more accurate forecasts than FAO food index.
Consequently, based on the RMSE criterion, the most accurate relation would be that of the non-food price inflation regressed, among other things, on the predicted values of domestic food prices estimated from the bivariate regression of domestic food and FAO cereals sub index, and the growth gap variable.
This relation indicates that a 1% increase in the domestic food price inflation is estimated to increase nonfood inflation by almost 0.6%, and that changes in domestic food price inflation explain almost 75% of changes in non-food inflation. Moreover, for the same specification, the spill-over to core inflation is also close to 0.6%. Finally, there is evidence that international prices have asymmetric effect on domestic prices (Table 4 ).
Following the approach described in section 4, domestic food price inflation is found to increase by only 5.4% when inflation of FAO food index increases by 10% and by 1.8% when inflation of FAO food index increases by the same magnitude. Using the FAO cereals sub index inflation, the asymmetric effect is less pronounced: an increase of 10% in international food prices would cause a 2.3% increase of domestic food prices, while a decrease of the same magnitude would cause a decline of 1.8%. Note: * All coefficients are significant at the 95% level. 
Short-run dynamics
In this section, results of the VAR analysis are reported. The number of lags in the VAR is determined through the standard information criteria (see Annex 3). The results were not sensitive to the ordering of the variables. In general, the results show that pass-through to headline inflation is feeble but it is high to food price inflation (estimated around 29% after 6 months and around two-thirds after a year). The spillover effect to core inflation is almost negligible. Table 4 reports the pass-through coefficients for horizons j = 1, 3, 6, 12, 18 and 24 months. Impulse responses suggest that movements in world food prices have a feeble impact on domestic CPI inflation. A 1-standard deviation initial shock (estimated at around 31.15 percentage points (ppts)) in world food prices leads to an estimated cumulative increase in CPI by 4.5 ppts after 6 months. Another measure of the size of the pass-through in month j is to look at the ratio of accumulated responses of domestic inflation to one standard deviation shock to the international food price inflation j horizons after the shock. This way of measurement, usually used in the exchange rate pass-through literature, would suggest that the pass-through to CPI is weak, with only around 9% of the external shock passing through to CPI inflation after 6 months and around 10% after 8 months.
Impulse response functions
Shocks from international food price inflation to domestic food inflation have a stronger effect. A hike in world food inflation by 27.5 ppts is estimated to raise domestic food inflation by 10.7 percentage points after 6 months (table 5). In the same way of measurement as above, pass-through to food prices is high:
more than a quarter of the external shock (29%) passes-through to food inflation after 6 months and around two-thirds after a year. This is in line with Kraay (2007) who found that pass-through to food items is higher than other items. While our results are not strictly comparable with others (World Bank, 2011), they confirm that pass-through to domestic food prices is high in Egypt. It is also useful to examine the impact of domestic food inflation on core inflation, to assess whether there are second round effects of initial shocks, which could be long lasting. Indeed, the analysis of the VAR impulse response suggests that core inflation does not respond significantly to shocks to domestic food inflation (Table 6 ). Impulse responses of core prices indicate that the initial impact of a 1-standard deviation (initial) shock (estimated at 14.8 ppts) in domestic food prices is mostly negative, suggesting the absence of a significant spill-over effect. 
Robustness Checks
The basic results were slightly altered when the estimations were conducted using alternative measures of international supply shocks (the FAO food index). Tables 7 and 8 report these results and confirm that pass-through to CPI is low, estimated at 8% after 6 months. However, shocks from international food price inflation still have a stronger effect on domestic food inflation than on CPI inflation. However, this effect is slightly weaker than when the IMF food index is used. In fact, pass-through to food prices is estimated at 22% after 6 months. More importantly, it subsides over time. Also, the spill-over to core inflation from domestic food price inflation is still weak but stronger than when the IMF food index is used. Figures 7a and 7b summarize the results on the variance decomposition of both domestic food inflation and core inflation respectively. Variance decomposition of domestic food price inflation indicates that it is explained by inertia or its own innovation (65%). International food price inflation accounts for 10% of the variance of domestic food inflation. As for core inflation, again innovations in the variable explain a bit more than half of its variance, but together domestic and international food inflation account for 25% of its variability. To sum up, the results of the two methods diverge but they are not strictly comparable. They both show that pass-through of external shocks to headline inflation is low. However, the VAR shows that the shortterm impact of such shocks to food price inflation, confirming that Egypt is among the high pass-through economies. The 2-step model provides a lower pass-through estimate in the long-run, which could be interpreted as a dissipation of the effect of the shock over time. Finally, the VAR model shows that the spill-over from domestic food inflation to core is feeble, which is in line with the descriptive analysis above and also close to the results of FAO (2009).
Conclusion and Policy Inferences
This paper estimates pass-through coefficients of external food shocks to domestic price inflation in Egypt using monthly data from 2000 to 2011. The paper relies on two alternative methodologies to do so.
The first is a two-step model that provides the long-run pass-through effects and is able to identify the change in domestic inflation that is due only to changes in international prices rather than movements in other factors. The second is a traditional VAR model that assesses the short-run dynamics of external food shocks to domestic food prices and those of the latter to other domestic prices. Our results can be summarized as follows:
First, the long-term pass-through to domestic food price inflation is low and is estimated between 13% and 16%, while the long-run spill over effect of domestic price shocks to non-food inflation is more significant-estimated at 60%. Also, while changes in international food prices explain only one quarter of the variations in domestic food prices, changes in the latter explain almost three quarters of the variations in domestic non-food prices.
Second, the short-term pass-through to CPI is weak, with only around 9% of the external shock passing through to CPI inflation after 6 months, while the short-term pass-through to food prices is higher with more than a quarter of the external shock (29%) passing through to food inflation after 6 months and around two-thirds after a year. Also, the spill-over from domestic food price inflation to core inflation, is limited. Moreover, international food shocks explain only a small portion of domestic inflation shocks.
Finally, there is evidence of an asymmetric effect suggesting that domestic prices are vulnerable to increases in international food prices but seem to be somewhat insulated from their decreases (downward rigid).
This paper has shown that external food shocks affect domestic food price inflation in the short-term. Yet, domestic increases, especially since 2008, have taken place when other traditional and structural sources of inflation were already at play, as concluded by Kiguel and Okseniuk (2009) . In other words, such increases decisively and pre-emptively defused the risk of deeply entrenched long-term inflation.
Meanwhile, market rigidities, weak market institutions and lack of competition and ineffective consumer protection maybe responsible for downward price rigidity and/or amplifying the imported inflation increases as producers are able to drive their mark-ups and adopt ad hoc pricing strategies. These areas are left for future research.
To conclude, global food shocks are exogenous and therefore are largely beyond policymakers" control.
Yet, this does not mean that the monetary authorities do not have a role in reducing pass-through. In fact, appropriately tight and forward-looking monetary policy could pre-emptively act to curb such pressures.
This would surely require that the CBE possess the inflation forecasting and modeling capabilities and the data needed in order to assess inflation prospects. According to Al-Mashat (2008) , the CBE has already developed models to forecast inflation and carried out both "near-term" (a quarter ahead) and longer-term forecasts but these forecasts have not yet been published. However, as inflation is also the result of longterm factors, a more prudent fiscal policy together with agriculture and food security policies that ensure increased food supply and improved productive and allocative efficiency in Egypt"s markets would significantly reduce inflationary pressures.
These generated series are the estimated potential output. 
